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Abstract. The background evolution of an accelerated, dark energy dominated universe is aptly
described by non-canonical tachyon scalar field models. The accelerated expansion of the universe is
determined by the choice of a suitable scalar field potential; in the case of a tachyon field, a ’runaway’
potential. In the absence of a fundamental theory, dark energy properties are studied in a phenomeno-
logical approach. This includes determining the model parameters using observations and to probe
the allowed deviation from the cosmological constant model. In this paper, we present constraints on
tachyon scalar field parameters from low redshift data for two different scalar field potentials. These
scalar field potentials have been crucial in tachyon dark energy studies. The datasets considered in
this paper include the supernova type Ia data, independent measurements of the Hubble parameter
and the Baryon Acoustic Oscillation data. In this paper, we present constraints on tachyon field pa-
rameters using these observations and their combination. A combination of the datasets indicates that
those model parameters are preferred which emulate the cosmological constant model. The initial
value of the scalar field, in the unit of the Hubble constant, is bounded from below and does not
require fine-tuning at larger values.
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1 Introduction
Observations have established that more than two-thirds of the energy density of the universe is due to
the contribution of dark energy [1–3]. Dark energy accounts for the observed late-time acceleration
of the universe [4–6]. The nature of dark energy is, as yet, a mystery. To understand the nature
of dark energy many models have been purposed, the simplest and the most favoured being the
cosmological constant model [7, 8]. For this component, the energy density remains a constant
and the equation of state parameter is given by w = −1. Although this model is consistent with
cosmological observations, the attempts to explain the cosmological constant as the energy density
of vacuum suffers from the fine-tuning problem [8]. While the theoretical problem of fine-tuning
remains, the cosmological constant model is the concordant model of dark energy.
Observations do not rule out models with an equation of state withw 6=−1, which is the property
of other models such as the barotropic fluid models, canonical scalar field models, non-canonical
scalar field models etc. The dynamical nature of the dark energy equation of state parameter is
assumed by considering a functional form or parametrization of w. These parameterizations include
those in which the equation of state parameter is a constant or is a function of time. The two key
parameters are the present day value of the equation of state parameter and its derivatives. The
simplest and most widely used prescription to model varying dark energy is the Chevallier-Polarski-
Linder (CPL) parameterization [9, 10]. This function has been widely employed in theoretical and
observational studies of dark energy. Many other parameterizations have been described in [11–16].
The parameters are then constrained using different datasets, a few examples of such work are [17–
23].
Scalar fields are a well studied class of models for dark energy where the late time acceleration
is achieved as the field evolves. The scalar field models include the canonical scalar fields such as
quintessence fields and the non-canonical scalar fields such as tachyon fields and K-essence fields
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being a few examples. In scalar field models, the equation of state depends upon the functional form
of the scalar field potential and on whether the kinetic energy term is sub-dominant or is the driving
component of the evolution of the universe. In order to have an accelerated expansion, a slow rolling
field is required. Although the scalar field models alleviate the fine-tuning problem that ΛCDMmodel
suffers from, to obtain the accelerated expansion in the recent era, they require tuning of their own.
A detailed study for quintessence scalar field model is given in [24–33].
Tachyon scalar field belongs to the class of non-canonical scalar field models and has been stud-
ied in detail in [34]. Tachyon field arises naturally in string theory as a decay mode of D-branes [35–
37]. This field is a viable model of cosmology, and it has been shown that the tachyon scalar field can
effectively explain dark energy. Apart from explaining accelerated expansion, an important property
of this model is that its equation of state becomes dust like at early times, i.e., the equation of state
parameter becomes zero in the past [34, 38, 39]. The dynamics of the universe in this case are driven
by a ’runaway’ potential [40, 41]. The dark energy equation of state parameter is limited to the range
−1≤ wφ ≤ 0 and hence phantom like equation of state is ruled out in this case. These considerations
make this description of dark energy an interesting alternative to both fluid and canonical scalar field
models. The tachyon models have also been extensively studied in the context of inflation [42–49].
Since tachyon scalar field shows dust like equation of state in its cosmic evolution, the ’tachyon dust’
is considered as a potential candidate of combined dark energy and dark matter [36, 37, 50–54].
In this paper, we assume that the dark energy is described by a homogeneous tachyon field.
We consider two models; one with an inverse power law potential and another with an exponential
potential which have been the default potentials being used for studying tachyon field. We revisit
the constraints on tachyon dark energy model with new data set of Baryon Acoustic Oscillations
(BAO) [55–61], Supernova Type Ia (SN-Ia) [4–6, 62–68] and direct measurements of Hubble pa-
rameter (H(z)) [69–76]. We obtain stringent constraints on tachyon field parameters, by way of
combining these datasets. Our motivation is to compare the constraints on the tachyon models from
previous studies using the same datasets and to check if the non-canonical scalar field models prefer
a different combination(s) of cosmological parameters. In this analysis, we have restricted ourselves
to the low redshift datasets. The structure of the paper is as follows. In the next section 2, we discuss
the background cosmology in the presence of a tachyon field and two different scalar potentials. The
different low redshift observational datasets used to constrain the model parameters are discussed in
section 3. In section 4, we discuss the results of the analysis for the models. We summarise and
conclude the paper in section 5.
2 Solutions of Cosmological Equations
The dynamics of the universe is governed by the Friedman equations which are given by(
a˙
a
)2
=
8piG
3
ρ ,
a¨
a
=−4piG
3
(ρ +3P), (2.1)
where ρ = ρm + ρr + ρφ . The quantities ρm and ρr are energy densities of non-relativistic mat-
ter(baryonic matter + dark matter ) and relativistic matter respectively whereas ρφ represents energy
density of the tachyon field. The tachyon scalar field is described by the Lagrangian
L=−V (φ)
√
1−∂ µφ∂µφ , (2.2)
where V (φ) is an arbitrary potential. The energy density and pressure of tachyon field are
ρφ =
V (φ)√
1− φ˙2
, Pφ =−V (φ)
√
1− φ˙2. (2.3)
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Figure 1. In this figure the acoustic parameter A(z), the Hubble parameter H(z) and the distance modulus
µ(z) are shown in the plots from left to right respectively as a function of redshift z for inverse square po-
tential (2.5). The data points and error bars are taken from [62, 69, 81]. There are six very closely separated
solid lines representing the model with inverse square potential in each plot for the values of the parameter
φ0H0 = 2.0, 3.0, 4.0, 5.0, 6.0 and 7.0. The values of other parameters Ωm0 and wφ0 are the corresponding
best fit values taken from each row of the table 1. There is a good agreement of the theoretical quantities with
their observed values.
Therefore, the equation of state parameter of the tachyon field is wφ = Pφ/ρφ = φ˙
2−1. The dynamics
of the scalar field is governed by the equation of motion for the scalar field
φ¨ =−(1− φ˙2)
[
3H φ˙ +
1
V (φ)
dV
dφ
]
. (2.4)
As φ˙ approaches ±1, the equation of state becomes dust like, and the quantity φ¨ goes to zero. There-
fore, the equation of state remains dust like for a long time. The cosmological evolution in this model
depends on the choice of potential. We consider two runaway potentials which have been employed
to study tachyon dynamics. The runaway potential naturally arises in string theory and M-theory,
and they are capable of generating the late time accelerated expansion of the universe [77–80]. The
background cosmology in the presence of two different tachyon scalar field potentials is summarized
below.
2.1 The Inverse Square Potential
A potential which describes a tachyon scalar field model of dark energy is given as
V (φ) =
n
4piG
(
1− 2
3n
)1/2
φ−2, (2.5)
where the real number n determines the amplitude of the potential. The inverse square potential leads
to a cosmological evolution of the form a= tn [38]. Cosmological dynamics of tachyon scalar field
dark energy with this potential have been studied in [34], and the stability analysis of this potential has
been done in [39–41]. The cosmological dynamics depends on the quantity λ = −MnV−3/2dV/dφ
which is a constant for this potential. With the slow-rolling condition, this leads to a stable critical
fixed point for this potential which can generate a late time accelerated expansion (with n> 1). This
fixed point is an attractor which leads to Ωφ = 1 and the equation of state parameter wφ = 2/3n−1
asymptotically. There still remains the requirement of a tuning, which is needed for a sufficient
acceleration at the present time [39, 40].
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Figure 2. The figure shows plots of the acoustic parameter A(z), the Hubble parameter H(z) and the distance
modulus µ(z) as a function of redshift z for the exponential potential (2.14). The data points and error bars
are taken from [62, 69, 81]. There are six very closely separated theoretical solid lines representing tachyon
dark energy model with exponential potential for φ0H0 = 0.08, 0.09, 0.1, 0.3, 0.5 and 0.7. We have fixed the
parameter φ0/φa = 0.1 and the values of other parameters Ωm0 and wφ0 are the corresponding best fit values
taken from each row of the table 2.
To numerically solve the cosmological equations, we transform the above equations by intro-
ducing the following dimensionless variables
y=
a(t)
a(tin)
, ψ =
φ(t)
φ(tin)
,
x= Hint,
(2.6)
here ’tin’ represents the initial time. The equations can then be written as
y′ = y

Ωm,iny−3+Ωr,iny−4+ Ωφ ,in
√−wφ ,in
ψ2
√
1−φ2inH2inψ ′2


1/2
,
ψ ′′ = (1−φ2inH2inψ ′2)
[
2
φ2inH
2
inψ
−3ψ ′ y
′
y
]
,
(2.7)
The prime on superscript denotes derivative with respect to x = Hint, and different Ω’s are dimen-
sionless density parameters defined as the ratio of the density of the relevant component and criti-
cal density ρcr =
3H20
8piG . Here, we have assumed the universe to be spatially flat and hence Ωtotal =
Ωm,in+Ωr,in+Ωφ ,in = 1.
We integrate the equations numerically from the present time (tin = t0) to early times, and Ωm0,
φ0H0 and φ˙0 or wφ0 are the parameters which are varied. The amplitude of the potential can be
constrained by using the relation
2n
3
(
1− 2
3n
)1/2
= Ωφ0φ
2
0H
2
0
√−wφ0. (2.8)
To calculate the value of n from above, the equation we need to solve is the polynomial equation
12n3−8n2−27q2n= 0, (2.9)
where q = Ωφ0φ
2
0H
2
0
√−wφ0 is a positive number. The solution of equation (2.9) for accelerated
expansion (n> 1) is
n=
1
3
+
1
6
√
4+(9q)2, (2.10)
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Figure 3. Going from left to right, the plots show χ2 as a function of φ0H0 for BAO, H(z) and SN-Ia data
respectively. Here have fixed Ωm0 = 0.285 whereas the red, green, blue, sky-blue and pink lines represent the
value of wφ0 to be −1.0, − 0.95, − 0.90, − 0.85 and −0.80 respectively.
with the condition that q> 2
√
3
9
. The value of the present day radiation density parameter Ωr0 is [82]
Ωr0 =
Ωm0
1+ zeq
, (2.11)
where zeq = 2.5×104Ωm0h2(Tcmb/2.7K)−4, Tcmb = 2.7255K.
The initial conditions for the numerical solutions are
y0 = 1, ψ0 = 1, (2.12)
and ψ ′0 can be calculated using relation
ψ ′ =
φ˙
φ0H0
=
√
1+wφ
φ0H0
. (2.13)
2.2 The Exponential Potential
The exponential potential for tachyon scalar field dark energy is given by
V (φ) =Va exp(−φ/φa) , (2.14)
where amplitudeVa and φa are the scalar field parameters. Cosmological dynamics with this potential
have also been studied in [34], and the stability analysis of this potential has been done in [39–41].
For this potential, λ → ∞ as φ → ∞. This is a fixed point for which Ωφ ≃ 0 and a dust like equation
of state. Since λ changes dynamically [40], the universe goes to a temporary accelerated phase for
λ . 1 and enters a decelerated phase for λ ≫ 1. In other words, the present day acceleration is
temporary, and the universe enters a phase of decelerated expansion once again. This evolution of the
universe, therefore, avoids the future event horizon problem.
Introducing the same dimensionless variables as introduced in the last subsection, we can trans-
form the required equations as
y′ = y

Ωm,iny−3+Ωr,iny−4+ Ωφ ,in
√−wφ ,ine
φin
φa
(1−ψ)√
1−φ2inH2inψ ′2


1/2
,
ψ ′′ = (1−φ2inH2inψ ′2)
[
φin/φa
φ2inH
2
in
−3ψ ′ y
′
y
]
,
(2.15)
– 5 –
Figure 4. The figure shows 1σ , 2σ and 3σ confidence contours between wφ0 and φ0H0 for Ωm0 = 0.285 for
BAO, H(z) and SN-Ia data in plots from left to right respectively.
We, therefore, have three model parameters φ0H0 , φ0/φa and φ˙0 or wφ0 to constrain. Apart from these
parameters, there are cosmological parameters Ωm0 and H0. In this case, the amplitude of potential
can be calculated by the relation
8piG
3H20
Va = Ωφ0e
φ0/φa
√−wφ0, (2.16)
Structure of these equations suggest that −1 ≤ wφ0 = φ20H20ψ ′02− 1 < 0. For this potential, we also
use the same initial conditions given in equation (2.12) and (2.13).
3 Observations
3.1 Baryon Acoustic Oscillation Data
Baryon Acoustic Oscillations (BAO) [55–61] observations are the measurement of baryon oscillation
feature in the correlation function of large scale structure (LSS). This feature is the result of acoustic
waves in the pre-recombination baryon-photon plasma caused by opposing forces of gravity and
radiation. These acoustic waves left an imprint on the baryonic clustering in the universe and gave
rise to the baryon acoustic oscillation peaks. The characteristic angular scale of the acoustic peak is
θA = rs(zd)/DV (z), where rs is sound horizon at drag epoch zd , which is given by
rs(zd) =
∫ ∞
zd
cs(z)
H(z)
dz, (3.1)
and DV is effective distance ratio, and it can be calculated using the angular diameter distance DA(z)
as follows
DV (z) =
[
(1+ z)2DA(z)
2 cz
H(z)
]1/3
. (3.2)
We use the BAO data from Baryon Oscillation Spectroscopic Survey (BOSS) DR12 [83] which
provides 6 data points (see table-7 of Alam et al.) at redshifts z = 0.38, 0.51, 0.61 in terms of
H(z)rs(zd)/rs, f id and DM(z)rs, f id/rs(zd) where rs, f id = 147.78 Mpc and DM(z) = (1+ z)DA(z) is the
comoving angular diameter distance. The sound horizon rs(zd) given by [84]
rs(zd) =
55.154exp[−72.3(ων +0.0006)2]
ω0.12807b ω
0.25351
cb
Mpc, (3.3)
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Figure 5. The plots show contours in the Ωm−wφ plane, for constant φ0H0 for all the three and combined
datasets for the inverse square potential. Contours in red, orange and blue are for BAO, H(z) and SN-Ia
data respectively. Black contours filled with colours represent combined constraints. The value of parameter
φ0H0 = 2.0, 3.0, 4.0 for plots in row-1 and 5.0, 6.0, 7.0 for plots in row-2 from left to right respectively.
where ων = Ωνh
2 = 0.0107(∑mν/1.0eV ), ωb = Ωbh
2 and ωcb = Ωmh
2−ων . Symbols Ων , Ωb and
Ωm represent density parameters of neutrinos, baryons and non-relativistic matter (baryonic matter +
dark matter). We set mass of neutrinos ∑mν = 0.06 eV and Ωbh
2 = 0.02225 with h= 0.676.
We also use BAO data from LOWZ and CMASS at redshift z = 0.32 and 0.59 as given in
reference [85]. Here rs, f id = 147.66 Mpc and the approximation for rs(zd) is the same as shown
in equation (3.3). We also use older BAO data from 6dFGS, SDSS DR7 and WiggleZ at redshifts
z = 0.106, 0.2, 0.35, 0.44, 0.6 and 0.73. These are listed in table-3 of [81] in term of the acoustic
parameter. The acoustic parameter [86] is
A(z) =
100DA
√
Ωmh2
cz
. (3.4)
Here c is the speed of light in vacuum.
3.2 Hubble parameter Data
Hubble parameter data set [69–76] consists of values of Hubble parameters H(z) at different redshifts
and associated errors in the corresponding measurement. We use H(z) dataset compiled and listed
in table-1 of [69]. The table contains values of the Hubble parameters H(z) at 38 different redshifts
with associated errors in measurement and corresponding references up to redshift z = 2.3. Out of
38 we use only 32 points as we do not consider three data points taken from Alam et. al.(2016)
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φ0H0 χ
2
min Ωm0 wφ0 n
2.0 596.145 0.285+0.023−0.022 −0.950+0.033−0.031 [4.323,4.726]
3.0 592.045 0.285+0.023−0.021 −0.973+0.023−0.022 [9.445,10.250]
4.0 590.944 0.284+0.024−0.021 −0.984+0.021−0.015 [16.635,18.016]
5.0 590.515 0.285+0.023−0.022 −0.990+0.019−0.009 [25.906,27.959]
6.0 590.335 0.285+0.023−0.022 −0.993+0.017−0.007 [37.252,40.133]
7.0 590.285 0.285+0.023−0.022 −0.995+0.016−0.005 [50.659,54.504]
Table 1. The table lists the best fit values of Ωm0 and wφ0 along with their 3σ confidence range for different
values of φ0H0 for inverse square potent for combined data (BAO + H(z) + SN-Ia). In the second column
minimum value of corresponding χ2min have been shown. In the last column, we have shown the 3σ allowed
range of ’n’, calculated from equation (2.10) considering 3σ confidence range of Ωm0 and wφ0.
at redshifts z = 0.38, 0.51, 0.61 and three data points taken from Black et. al.(2012) at redshifts
z = 0.44, 0.6, 0.73 as we include these data points in our BAO dataset. Hubble parameter can be
computed from the Friedmann equation and is given by
H(z) = H0
[
Ωm0(1+ z)
3+Ωr0(1+ z)
4+Ωφ
]1/2
, (3.5)
where H0 is the present value of the Hubble parameter.
3.3 Supernova Type Ia Data
The third dataset we use for our analysis is observations of supernovae type Ia [4–6, 62–68], which
is supernova explosion of a white dwarf star accreting mass from its binary companion and hence
crosses the Chandrasekhar limit. When a white dwarf star crosses the Chandrasekhar mass limit of
1.4M⊙, it explodes: this is a Supernova explosion of Type-Ia. Luminosity distance of Supernova-Ia
which occurred at redshift z is given by the relation
dL(z) =
c
H0
(1+ z)
∫ z
0
1
E(z)
dz. (3.6)
where function E(z) = H(z)/H0. In SN-Ia data, we have distance moduli of 580 supernovae up to
redshifts z = 1.414 along with their associated observational error [62]. The theoretical values of
distance modulus can be calculated using luminosity distance as
µ = 5log(dL)−5, (3.7)
– 8 –
Figure 6. The plot on the left shows the evolution of equation of state wφ with redshift for inverse square
potential. Red, green, blue, sky-blue, yellow and pink colours represent value of φ0H0 = 2.0, 3.0, 4.0, 5.0, 6.0
and 7.0. The plot on the right shows the evolution of Ωm(red curves) and Ωφ (blue curves) with redshift. The
solid, dash-dot and dashed-dot-dot-dot lines represent the value of φ0H0 = 2.0, 4.0 and 6.0 respectively. The
value of parameter wφ0 and Ωm0 are the best fit values taken from table 1 for the corresponding value of φ0H0.
here dL is in the unit of 10 pc and µ = m−M is the distance modulus, m and M are the apparent and
absolute magnitude respectively of the supernova.
4 Observational Constraints
We do the standard χ2 analysis to constrain parameters for the tachyon dark energy. Value of χ2BAO
for the Baryon Acoustic Oscillation data is the sum of χ2 over all redshifts given in subsection 3.1.
We calculated χ2 for DR12 data using the expression given by
χ2 =
N
∑
i, j=1
[Xth,i−Xobs,i]C−1i, j [Xth, j−Xobs, j], (4.1)
where N is the number of data points in BAO dataset, Xth is a vector of the theoretical value of
corresponding observable and Xobs is a vector of the observational values. We employ the covariance
matrix Ci j taken from the online files of Alem et al. (2017) and Chi-Hsun et al. (2017). Value of χ
2
for older BAO data (BAO data from 6dFGS, SDSS DR7 and WiggleZ), H(z) data and SN-Ia data is
calculated using
χ2oderBAO/Hz/SN =
N
∑
i=1
(
OD(zi)−OM(zi,p)
σi
)2
, (4.2)
Here OD(zi) is the theoretical value of the observable at redshift zi, and OM(zi,p) is its value for
model at redshift zi with the set of parameters p. The quantity σi is the error in the measurement of
the observable OD(zi). Here observable
′O′ is the acoustic parameter A(z) for the older BAO data,
Hubble parameter for the H(z) data and distance modulus µ(z) for the SN-Ia data. We then find the
maximum likelihood (e−χ
2
tot ) of the parameter space by minimizing χ2tot = χ
2
BAO+ χ
2
Hz+ χ
2
SN.
4.1 Constraints on Inverse Square Potential
As mentioned in section 2.1, we constrain three parameters, Ωm0, wφ0 and φ0H0 for the potential.
Since only the square of the quantity φ0H0 appears in the equations, we need to consider only one
– 9 –
of the two, positive or negative branches. There is a degeneracy between parameters wφ0 and φ0H0;
these parameters are correlated.
In figure 1, we plot the acoustic parameter A(z) obtained from the BAO data from 6dFGS,
SDSS DR7 and WiggleZ [81]. In the plot on middle and on the right we have shown the Hubble
parameter H(z) and the distance modulus µ(z) as a function of z respectively. Data points and error
bars are taken from [62, 69]. There are six (overlapping) theoretical solid lines in each of these plots
representing inverse square potential (2.5). To draw these theoretical lines we have taken the best fit
value of parameters φ0H0, Ωm0 and wφ0 from each row of table 1. We can see that there is a good
agreement of the theoretical curves with data.
The values of χ2 vs φ0H0 for Ωm0 = 0.285 are plotted in figure 3. The five different colours
represent different values of wφ0 from −1.0 to −0.80 in the steps of 0.05. We can see that if wφ0 is
close to −1.0 (red and green curves) all larger value of φ0H0 are allowed. If we fix wφ0 to a value
away form −1.0, we can get a minimum in χ2 curves and fixing this parameter is equivalent to fixing
φ˙0 as wφ = φ˙
2− 1. Since we are interested in constraining Ωm0 and wφ0, we choose to fix φ0H0.
Degeneracy between these parameters can also be seen in figure 4 where we have shown 1σ , 2σ and
3σ contours in the wφ0 - φ0H0 plane for the three datasets. After marginalizing over Ωm0, we find that
φ0H0 ≥ 0.775 at 3σ confidence level using combined data. It can be clearly seen that there is a bound
on the lower value of φ0H0 but not on its upper value and hence we can not marginalize over φ0H0.
We, therefore, have constrained the parameter space of Ωm0−wφ0 and shown its variation with φ0H0
in figure 5.
For each of these contours, we have fixed the value of φ0H0. The most stringent constraints
come from the BAO data, and combined constraints limit the parameter space to a very small range.
Value of Ωm0 is well constrained by combined dataset at 0.285
+0.023
−0.022 with 3σ confidence, and this
remains almost same with variation in parameter φ0H0. However, the constraint on wφ0 depends on
the value of φ0H0. As we increase the value of φ0H0, all the three datasets prefer a value of wφ0 close
to −1. In table 1 we have shown, the minimum value of χ2 for a fixed value of φ0H0 and the best fit
value of parameters Ωm0 and wφ0 with the 3σ confidence limit for combined data. We started with
φ0H0 = 2.0 and increased its value in unit step. Here we can see that minimum value of χ
2 saturates
for a larger value of φ0H0, and so does the parameter Ωm0. In this background cosmological model,
we can tune the parameter φ0H0 to be very close to wφ = −1.0. In the strict sense, it is not possible
to constrain φ0H0 using these background data. A large range of values of φ0H0 are acceptable as the
background data only put a lower bound on its value. In the last column of table 1, we have shown the
3σ allowed range of ’n’ computed from the equation (2.10) considering the 3σ confidence range of
Ωm0 and wφ0. From equation (2.8), it is clear that the amplitude of the tachyon potential and constant
’q’ are proportional to the value of φ20H
2
0 , as can be seen in the equation (2.8). This is the reason, the
allowed value of ’n’ also increases with it. Since the universe expands like a ∝ tn for a given ’n’, for
a larger value of φ0H0 the accelerated expansion is faster in dark energy dominated era. We find that
for this model, the transition redshift is between 0.61 . zacc . 0.80.
The evolution of the matter density parameter Ωm(z)(red curves) and the dark energy density
parameter Ωφ (z)(blue curves) are shown in the plot on the right in figure 6. We can see that even
in the matter dominated era, dark energy contributes significantly to the energy budget. For smaller
values of φ0H0, the contribution of dark energy, in the matter dominated era, is larger than it is for
larger value of this parameter. Here it should be noted that parameter φ0H0 and wφ0 are correlated.
As we increase the value of φ0H0 matter approaches complete domination for large redshift.
The evolution of the equation of state of the dark energy wφ is shown in the plot on the left in
figure 6. In the matter dominated era and before it, the equation of state of tachyon dark energy is
just like that of dust. After that, it starts evolving and make a sharp transition towards smaller value
– 10 –
Figure 7. The figure shows we 1σ , 2σ and 3σ confidence contours on wφ0− φ0H0 plane for exponential
potential. Red, orange and blue colours represent BAO, Hz and SN-Ia data respectively. First, second and third
rows are for φ0/φa = 0.01, 0.1 and 1.0. For all these plots we have set Ωm0 = 0.285.
than its present value wφ0 then rises again. For a given value of φ0H0 it maintains a constant value in
the future. For the larger values of φ0H0, this constant value for future evolution is closer to -1.0 as a
larger value of φ0H0 prefers a cosmological constant like behaviour.
4.2 Constraints on Exponential Potential
For the exponential potential, we need to constrain parameters φ0H0,φ0/φa,wφ0 and Ωm0. Rewriting
the potential as V = eln(Va)−
φ
φa , we see that there is an explicit degeneracy between Va and φin, i.e., a
change inVa and the corresponding change in φin leads to the sameVin. Since we have replaced Va by
the other parameters shown in equation (2.16), this degeneracy reflects in degeneracy between φ0/φa
and φ0H0.
– 11 –
Figure 8. Contours in the Ωm0 - wφ0 plane for a fixed value of φ0/φa = 0.1 for the exponential potential. In
the plots in row-1 φ0H0 = 0.08, 0.1 and 0.3 from left to right and in row-2 φ0H0 = 0.5, 0.7 and 0.9. The
red, orange and blue colours represent BAO, H(z) and SN-Ia data respectively. Black, dark contours are for
combined dataset.
In figure 2 we show the agreement between data and theory with exponential potential (2.14).
We plot the acoustic parameter A(z), the Hubble parameter H(z) and the distance modulus µ(z) as a
function of redshift z along with the data points and the error bars, taken from [62, 69, 81]. There are
six overlapping theoretical curves in each of these plots representing the exponential potential. To
draw these theoretical curves, we have taken the best fit values of the parameters φ0H0, Ωm0 and wφ0
from each row of table 2.
To show the degeneracy mentioned above, we first plot the 1σ , 2σ and 3σ contours in wφ0−
φ0H0 plane in figure 7. In these plots, we have fixed Ωm0 = 0.285 and first, second and third row
are for φ0/φa = 0.01, 0.1 and 1.0. We can see that all datasets (BAO, Hz and SN-Ia) have lower
bound on φ0H0. The lower bound on this parameter depends on the value of parameter φ0/φa; for
φ0/φa = 0.01 we have φ0H0 & 4×10−3, for φ0/φa = 0.1 we have φ0H0 & 0.04 and φ0/φa = 1.0 we
have φ0H0& 0.41. The lower bound on φ0H0 increases with φ0/φa. We fix the parameter φ0/φa = 0.1,
and we do our analysis by keeping other parameters free. The analysis below is equally valid for any
other value of this parameter if φ0H0 is adjusted accordingly or properly scaled.
We have shown constraints on Ωm0−wφ0 plane in figure 8 for φ0H0 = 0.08, 0.1, 0.3, 0.5, 0.7
and 0.9. Here we have fixed φ0/φa = 0.1. The contours filled with three different colours represent
result for the combination of datasets. The 3σ results for this model are shown in table 2. We started
from φ0H0 = 0.08 as for smaller values, the value of χ
2
min increases sharply. We can see that for
a smaller value of φ0H0 the three datasets are not in good agreement with each other and hence a
large value of χ2min. As we increase the value of this parameter, the value of χ
2
min decreases and the
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φ0H0 χ
2
min Ωm0 wφ0
Va
ρcr
0.08 600.125 0.285+0.022−0.022 −0.928+0.034−0.038 [0.724,0.801]
0.10 595.862 0.285+0.023−0.022 −0.949+0.030−0.032 [0.733,0.806]
0.30 590.327 0.285+0.023−0.022 −0.993+0.017−0.007 [0.756,0.815]
0.50 590.136 0.284+0.024−0.021 −0.997+0.013−0.003 [0.759,0.815]
0.70 590.132 0.285+0.023−0.022 −0.999+0.012−0.001 [0.760,0.815]
0.90 590.061 0.285+0.023−0.022 −0.999+0.011−0.001 [0.760,0.815]
Table 2. Best fit values for Ωm0 and wφ0 with 3σ confidence interval for the exponential potential for different
values of φ0H0 for combine data (BAO + H(z) + SN-Ia) set. Here we have fixed the value of φ0/φa = 0.1. In
the last column, we have shown the range of amplitude of potential Va normalized by present critical density
ρcr. It is calculated from equation (2.16) considering 3σ confidence range of Ωm0 and wφ0.
Figure 9. The plot on the left shows the evolution of equation of state wφ with redshift for exponential potential.
Red, blue, sky blue, orange and gray lines represent φ0H0 = 0.08, 0.1, 0.3, 0.5 and 0.7. In the plot on the
right evolution of Ωm (red curves) and Ωφ (blue curves) with redshift are shown. Solid, dash-dot and dashed-
dot-dot-dot lines represent φ0H0 = 0.08, 0.1 and 0.3. Parameter Ωm0 and wφ0 are the best fit values taken from
table 2 for the corresponding value of φ0H0. Parameter φ0/φa = 0.1.
combined contours become smaller. The BAO data provides the tightest constraint on Ωm0 among
all; this is consistent with previous studies [17, 18]. The value of this parameter is Ωm0 = 0.285
+0.023
−0.022
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with 3σ confidence for the combination of all three datasets, and it is almost a constant with variation
in φ0H0. On the other hand, the value of wφ0 depends on φ0H0. In the last column of table 2, we have
shown the 3σ allowed range of the amplitude of the potential normalized to the present day value of
the critical density ρcr =
3H20
8piG using equation (2.16), considering 3σ confidence interval of Ωm0 and
wφ0. From equation (2.16) it is clear that the amplitude of the potential is not explicitly dependent
on φ0H0 and as we have fixed φ0/φa = 0.1; its value only depends on other parameters Ωm0 and wφ0.
Since the values of these parameters saturates with an increase in φ0H0, the amplitude of potential
also approaches a fixed value unlike the case of tachyon model with inverse square potential.
The evolution of the equation of state parameter at different epochs in the expansion history
of the universe is shown in the plot on the left in figure 9. For a tachyon field with an exponential
potential, the accelerating phase is sandwiched between two decelerating phases. In future, the uni-
verse goes back to a decelerating phase and duration of the accelerating phase depends on the value
of φ0H0 and wφ0. In this plot, we can see that for a smaller value of φ0H0, this duration is small and
the universe goes to decelerating phase once again in relatively near future than it is for larger values
of this parameter. The notable thing here is that parameters φ0H0 and wφ0 are correlated and for small
φ0H0 the best fit value of wφ0 is large or away from -1.
We can see that in the matter dominated era, the dark energy behaves like a fluid and in the near
past, it starts to deviate from wφ = 0 sharply. For a larger value of φ0H0, its deviation begins earlier.
At first, it goes close to −1 depending on its present day value wφ0 and then it rises away from −1.
For a smaller value of φ0H0 it faster approach to a fluid like equation of state wφ = 0 and as it crosses
the condition wφ ≤−1/3 for an accelerated expansion and the universe goes to a decelerating phase
once again. We have shown the evolution of density parameters Ωm(red curves) and Ωφ (blue curves)
with redshift in the plot on the right in figure 9. In the matter dominated era, matter does not fully
dominate the energy budget. Part of sub-dominated dark energy density parameter is large (solid
line) for a smaller value of φ0H0 and as we increase the value of this parameter non-relativistic matter
dominates the energy of the universe completely.
5 Summary and Conclusions
In this work, we have constrained parameters of the tachyon dark energy model with an inverse
square potential and an exponential potential. For this purpose, we have used the Baryon acoustic
Oscillation data (from SDSS DR12, 6dFGS, SDSS DR7, WingleZ surveys), direct measurement of
Hubble parameter (H(z)) data and Supernova-Ia Union 2.1 data. For the inverse square potential,
we have three parameters φ0H0, wφ0 and Ωm0. For the exponential potential, apart from these three,
an extra parameter φ0/φa is present. There is a lower bound on the parameter φ0H0, and all larger
values are allowed. For the inverse square potential, φ0H0 ≥ 0.775 at the 3σ confidence level. For
the exponential potential, this value depends on φ0/φa, and the lower bound on φ0H0 increases with
increase in φ0/φa. Using combined data of all three measurements, we find that the present day matter
density parameter is constrained to the values Ωm0 = 0.285
+0.023
−0.022 at the 3σ confidence for both the
potentials and it remains almost same with variation in φ0H0. This value of Ωm0 for the tachyon model
is less than the value of this parameter for a flat ΛCDM model as determined by current observations,
e.g., Ωm0 = 0.295± 0.034 ( at 68% confidence using JLA data [87]), Ωm0 = 0.3089± 0.0062 (at
68% confidence obtained from CMB-TT,TE,EE+ low-P + lensing+ BAO+JLA+ H0 data [2]), Ωm0 =
0.311±0.0056 (at 68% confidence obtained from CMB-TT,TE,EE+ low-P + lensing+ BAO data [3])
and Ωm0 = 0.310±0.005 (at 95% confidence using BAO DR12 + SN-Ia data [83]). The value of Ωm0
for tachyon model is in agreement with its value for flat ΛCDM model constrained by the JLA data
within 1σ . There is a tension with constraints from Planck and BAO DR12 data.
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The value of wφ0 depends on φ0H0. For a smaller value of φ0H0, the equation of state parameter
wφ0 has a larger value and as its value increases, wφ0 approaches −1. A large range of φ0H0 is allowed
by the background data. The parameter φ0H0 need to be tuned to obtain the value of the equation
of state parameter wφ0 which is supported by observations (wφ0 = −1.006± 0.045 [2] and wφ0 =
−1.03± 0.03 [3] ). This tuning is not as severe as the fine-tuning problems in ΛCDM model. This
parameter is constrained from below to a value closer to unity, and there is no upper bound. Therefore
the tuning of this parameter is not severe. The potentials, we have used in this paper, have also
been extensively used for canonical scalar field (quintessence field) model of dark energy and similar
results have been found [24, 25, 88–91]. Specially, tracker solutions of quintessence model are able to
solve the fine-tuning problem, and thawing or freezing model ameliorate this problem [24, 25, 89, 91].
In [88], it has been shown that for the potential V (φ) ∝ φ−n, with n< 5, the solutions do not have fine-
tuning problem and a large range of initial conditions provide acceptable solutions. Similar results
have also been shown in [24, 25, 89, 92] for inverse power law potentials. Exponential potential
have been studied in [24, 92–94] for quintessence model and it is found to ameliorate the fine-tuning
problem. In our study, tachyon models with both the potentials generate acceptable solution for large
range of parameters. On the other hand, for larger value of φ0H0, it is able to mimic the cosmological
constant like equation of state at present. Hence, in the light of current observational data, tachyon
model is an interesting and important alternate for dark energy.
We have also studied the evolution of the phases of expansion, the density parameters and the
equation of state of dark energy with redshift. We find the transition redshift to be in the range
0.61 . zac . 0.80. For the exponential potential, the duration of the acceleration phase depends on
φ0H0 and wφ0 (as these parameters are correlated). For a smaller value of φ0H0 this duration is small.
The equation of state of the tachyon dark energy, in the matter dominated and earlier phases, is dust
like (wφ = 0). It then makes a sharp transition to that of a cosmological constant as dark energy
domination begin. The value of the equation of state parameter rises again to match its present day
value wφ0. For the inverse square potential, it approached a constant value depending on the values
of φ0H0 and wφ0. For exponential potential, it rises towards wφ = 0, and as it becomes greater than
−1/3, the universe once again goes to a decelerating expansion phase. For tachyon dark energy,
matter does not fully dominate the energy budget. However, as we increase the value of parameter
φ0H0, it approaches to dominating fully as the equation of state approaches like that of a cosmological
constant.
The constraints obtained here are stringent, and there is a clear preference for models which are
close to the cosmological constant model. A specific set of parameters can be ruled out in a given
set of models whereas current data cannot completely distinguish between different models and does
not fully rule out any. The range of the combined constraints on the matter density parameter and
the equation of state parameter are determined largely by the BAO data and by the supernova data
respectively. While the Hubble parameter data constrains the parameters well, the allowed range is
larger than that allowed by other observations. This is possibly due to the fact that the Hubble param-
eter measurement data is a compilation of measurements with different methods and accompanies
measurements of different cosmological quantities. The constraints on the parameters are stringent
and more data, and further studies in perturbations in tachyon dark energy are likely to break the
degeneracy between different models which are allowed by pure distance measurements.
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